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Abstract  
The grain selection occurring during the solidification of a Ni3Al-base single crystal superalloy IC6SX prepared by spiral grain 
selection method was studied systematically. Results showed that the equiaxed grains were transformed into columnar grains within 
starter block and most of columnar grains then will be eliminated. The crystal were formed after the remained columnar grains were 
eliminated through preferred growth and coupling of spiral structure in Spiral grain selection. The results can explain the competitive 
growth mechanism of the spiral grain selection and can be used to optimize process design to lay an important foundation for 
improving preparation processes of single crystal superalloy. 
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选晶法是现在普遍应用的单晶制备方法，常见的单晶选晶器如图 1 所示，分为 4 种类型: 转角选晶器、角
度选晶器、螺旋选晶器和尺度限制型选晶器[4-7]，其中螺旋选晶法是单晶高温合金叶片制备中最基本的工艺方法，
而且是目前工艺最成熟的单晶制备技术,已经被广泛应用于生产各种单晶材料。 





图 1. 常见的单晶选晶器类型 
(A)转折选晶器  (B)角度选晶器  (C)螺旋选晶器  (D)尺度限制型选晶器 
Fig.1 Common types of single crystal grain selection 
(A) Polyline grain selection  (B)Angle grain selection  (C) Spiral grain selection  (D) Limited-scale grain selection 
2. 试验方法 












选晶作用。 如图 3D所示，晶粒 a和 b由于缩颈结构而突然失去生长空间，被淘汰掉，而晶粒 c和 d可以继续
生长进入螺旋段。
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在引晶段粗大柱状晶区，晶粒竞争组织形态如图 4所示，可见晶粒 B和 C的枝晶臂阻隔晶粒 A的生长，晶
粒 A被缓慢的淘汰掉。由此可知在此阶段晶粒之间的竞争生长主要为枝晶之间的相互阻隔淘汰，完全取决于一














Fig.2 As-cast microstructure of cross and longitudinal sections of spiral grain selection of Ni3Al-base single crystal superalloy IC6SX 
图 3 引晶起始段的整体纵剖面组织形态 
























































图 4 引晶段粗大柱状晶区的晶粒竞争形态 




图 5 枝晶阻隔生长模型, (A)为枝晶生长的初始时间 t0，（B）和（C）为枝晶阻隔生长后的时间 t1[8]. 
Fig. 5 Schematic diagram showing the structure evolution. (a) Grain boundary structure at time t0, (b) grain boundary structure at time t1, and 
(c) grain boundary structure on one longitudinal plane at time t1[8]. 
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图 7 螺旋段不同位置晶粒竞争生长的横截面微观组织 












C Growth direction Growth direction B A 
  图 6 引晶段不同位置的晶粒宏观组织形态 
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图 8  螺旋段不同位置晶粒竞争生长的纵截面微观组织 
Fig.8 As-cast microstructure of the longitudinal sections in spiral grain selection 
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